Introduction
Rotator cuff calcifying tendinitis is a common disorder with controversial aetiology. Two different processes leading to calcium deposit have been proposed: degenerative calcification [5] and reactive calcification on a healthy tendon [31] . Codman [5] proposed that tendon fibre degeneration precedes calcification and, according to Moseley [22] , he defined the tendon-bone insertion area as ''critical zone''.
Clinically, it's very important to distinguish calcifying tendinitis from a rotator cuff tear as a source of shoulder pain, because the treatment is different.
The treatment of calcifying tendinitis is typically conservative, including use of systemic non-steroidal anti-inflammatory drugs (NSAIDs), physical therapy such as ultrasound, laser or local x-ray, intrabursal injections of corticosteroid and lavage or multiple perforations of deposits using large-bore needles [31] . Distinguishing between the formative and resorptive phase [31] is very important to choose the more appropriate means of conservative treatment. Nevertheless, these different treatments have failed to show reproducible and reliable results [26, 31] .
Topical steroid injections are usually effective, but often frequent injections are required that are harmful to tendon structure. Percutaneous needle aspiration with a large-size needle (>n18) alleviates symptoms in up to 60% of patients [10] ; however, larger needle size may cause tendon injury and so acute inflammation. Wittenberg et al. [33] has found that conservative management for calcifying tendinitis leads to less favourable Biagio Moretti Raffaele Garofalo Stefania Genco Vittorio Patella Elyazid Mouhsine Medium-energy shock wave therapy in the treatment of rotator cuff calcifying tendinitis Abstract To evaluate the results of the treatment with medium-energy extracorporeal shock wave therapy (ESWT) in rotator cuff calcifying tendinitis. Fifty-four non-consecutive patients, who were referred to our institute for rotator cuff calcifying tendinitis, were managed with a standardized protocol in four sessions of medium-energy (0.11 mJ/ mm 2 ) ESWT administered with an electromagnetic lithotriptor. Pain was evaluated at the end of each session, functional state of shoulder was assessed at 1 and 6 months after the end of procedure. All patients underwent radiographs and sonography imaging. No systemic or local complications. Thirty-eight patients (70%) reported satisfactory functional results. Radiographs and sonographs showed a disappearance of calcium deposit in 29 patients (54%) and in 19 patients (35%) it appeared to be reduced more than a half. A correlation was found between residual calcium deposit and the clinical outcome, but some patients showed a reduced pain without modification of calcium deposit. These results were unmodified at 6 months follow-up. Our protocol of medium-energy ESWT provides good results overall about pain modulation.
pain results in the long term than surgical treatment. For patients with a chronic calcifying tendonitis, surgical removal of the deposits, either with an open procedure or endoscopically, has been reported to relieve symptoms once that conservative therapy fails [1, 21] . Radiation therapy was ineffective, as reported by Plenk [24] . There are many reports about use of extracorporeal shock wave therapy (ESWT) in musculoskeletal disorders such as pseudarthrosis [27] , non-union [29] , or in soft tissue pathology, such as plantar fascitiis [4, 23] , and elbow epicondylitis [17] .
Loew et al. [18] and Rompe et al. [25] , independently, reported the first experience about use of ESWT in treatment of shoulder calcifying tendinitis showing encouraging results. The rationale was to disrupt calcific intratendinous deposit in order to encourage its resorption through an increase of local vascularization reducing the shoulder pain. ESWT are classified according to their energy levels. Low energy ESWT have a focal energy flux density (EFD) of up to 0.08 mj/mm 2 , medium-energy an EFD between 0.09 mj/mm 2 and 0.28 mj/mm 2 and high-energy up to 0.6 mj/mm 2 . There is still no consensus on appropriate doses of ESWT to treat calcifying tendinitis of shoulder, and the doses reported in different reports were operatordependent [11, 14, 18, 25] . In the literature, high-dose seems to be associated with good results, but a potential for local soft-tissue damage and important pain is reported [19] .
The aim of this study was to evaluate the effectiveness of medium-energy ESWT to treat chronic rotator calcifying tendinitis, and to verify the association with soft tissue damage and pain.
Materials and methods
Between 10 January and 17 December 2001, 54 nonconsecutive patients suffering from calcifying tendinitis were treated with ESWT in our department.
There were 20 men and 34 women with a mean age of 43 years (range 34-66). There were 32 right and 22 left shoulders, and dominant arm was involved in 34 cases (63%).
The inclusion criteria were: the presence of persistent shoulder pain, refractory to conservative treatment, provided for at least three months, including NSAIDs, at least one corticosteroid injection, physical therapy and immobilisation of shoulder in a sling during the acute phase of pathology.
At least 6 weeks before ESWT was done, the abovementioned therapies were discontinued. Absence of contraindication for shock wave treatment, such as recent trauma and local infection, cardiac arhythmia, pacemaker implant, coagulopathy, pregnancy and patients with massive cuff rotator tears, was studied.
All patients underwent clinical examination that was performed by the same author; the Constant score [6] and pain were calculated.The intensity of pain was calculated with the visual analogue scale (VAS) from 0 to 10 points, where 0 represents the absence of pain and 10 unbearable pain.
Radiographs in true anteroposterior (AP) of shoulder, acromial outlet view and sonography were evaluated by the first author to study the type of calcium deposit according to DePalma criteria [9] .
Patients who suffered from rotator cuff tears were not included in the study.Treatment was performed in outpatients.All subjects underwent ESWT complaining of chronic symptoms and in no case acute subacromial bursitis was revealed.
Medium-energy ESWT was administered with an electromagnetic lithotriptor, Minilith SL1 (Karl Storz Medical, Tuttlingen, Germany), which presents a C-arm adjustable fluoroscopic unit. All patients who underwent treatment presented a type II deposit according to DePalma [9] . Each patient received 2500 pulses of shock waves (0.11 mJ/mm 2 EFD) per session, as reported by some authors [12, 28] ; 120 impulses per minute were applied. Our protocol of treatment was provided in four sessions at 3 days interval. All therapy was carried-out without anaesthesia. No cold therapy or NSAIDs was allowed after the procedure.
Method of evaluation
The patients were instructed to complete a pain scale (VAS) after each session, to report any reddening of the skin, swelling, petechiae, bleeding, acute bursitis, or syncope. The patients were assessed, after a follow-up period of 1 and 6 months by the same author who evaluated them before treatment. At follow-up, assessment was carried-out using the Constant score and VAS. The resumption and level of working activity were investigated. An AP X-ray of the affected shoulder, acromial outlet view and sonography were evaluated always by the first author to study the evolution of calcification.
The assessement of calcium deposit size was performed at the X-rays. In particular the films obtained at 1 month and 6 months were to place on the X-ray obtained at the time zero to evaluate differences about the calcium deposit size. To eliminate any problems related to X-ray device and technician, the technique was standardized in terms of position of shoulder and arm,distance from the radiographic film, exposure [16] , and team of technicians.
The outcome was considered to be excellent if there was a reduction of pain between the 91% and 100%, a resumption of working activity without limitations, and Constant score between 86 and 100 points. The outcome was considered as good, if the reduction of pain was between 71% and 90%, working activity was resumed with mild limitation, and Constant score was between 66 and 85 points. The outcome was considered fair if there was a reduction of pain between 41% and 70%, a resumption of working activity with moderate limitations, and Constant score between 51 and 65 points. The cases were considered poor when a reduction of pain was not referred, resumption of working activity with severe limitation, and Constant score between 25 and 50 points. Statistical analysis was performed using nonparametric Wilcoxon test for two independent samples. Statistical significance was set at a P value of <0.05.
Results
No patient, but one, in which a local reddening was reported, referred systemic or local complications. The curve of mean values of pain reported by patients after each session of treatment is reported on Fig. 1 .
Using our criteria of evaluation, at the last follow-up, 24 patients (44%) were considered to be excellent, 14 (26%) good, 12 (23%) fair and 4 (7%) poor. Working activity was resumed at a mean time of 12 days (range 10-18) from last therapy. The mean Constant score at 1-month follow-up was 68.2 (42-92), versus 24.5 (16-44) before treatment. The differences between these values were significant (P=0.002).
The mean pain-score was 4.5 (3-7) before treatment and 1.92 (0-5) at follow-up (P=0.03). In particular, only the four patients (7.4%) who were classified as poor complained of unmodified pain, overall during the activity (VAS:5/10). Six other patients (12%) complained of occasional pain (VAS:2/10). None of the patients reported a worsening of symptoms.
These data remained unvaried after 6-month followup. At the last follow-up there were differences in the Constant score between treated shoulder and contralateral side, respectively 68.2 (42-93) and 86 (78-98), but not significant (P=0.07).
Radiographic and ultrasonographic evaluation, showed that at 1 month the calcium deposit had disappeared in 29 patients (54%) and in 19 patients (35%) it appeared reduced by more than half. In the remaining 6 patients (11%), calcium deposit appeared unchanged. These findings appeared unvaried at 6 months of followup (Figs. 2, 3) .
Evaluating these results, a correlation seems to exist between the residual volume of calcium deposit and the clinical outcome. In fact, of the 6 patients in whom calcium deposit appeared unchanged, four presented poor results, and the other two showed a fair result.
Discussion
Calcifying tendinitis of rotator cuff is an important source of shoulder pain with a contradictory natural history [2, 5, 31] .
Bosworth [3] described, in a prospective study, that within 3 years after the diagnosis, the calcific deposit disappeared in 9.3% of patients, but acute symptoms can recur when the calcification remains more than 15 mm in diameter. Investigations at 10-year follow-up have found a disappearance of deposit in 27.1% of patients [32] .
A limited response to most conservative treatments has led to the search for new forms of treatment. Shock waves have demonstrated the capability of stone disintegration, presumably through high stress forces on the stone surface by the high-pressure amplitude and the short rise time, thus exceeding the elastic strength of the stone and disintegrating its surface [23] . At the same time, increased vascularization in the area of treated The goal in the treatment of rotator cuff calcifying tendinitis is the disappearance of calcium deposit and reduction of pain.
The present study demonstrated the effectiveness of medium-energy ESWT in the treatment of calcifying tendinitis of shoulder. At last follow-up, at six months, 70% of the patients presented a satisfactory functional result. About 23% reported a little subjective and objective recovery, and only 4 patients (7%), classified as poor results, complained of activity-related pain. In these patients, the calcium deposit at follow-up appeared unchanged. In the series, in fact, only in 11% of patients it appeared unmodified, and, as discussed, a correlation between disappearance of deposit and clinical outcome seems to exist, according to other authors [18] .
The complete disappearance of the calcium deposit was noted in 54% of the patients. This result is similar to data reported by Gerdesmeyer et al. [11] , which found a disapparition of calcium deposit in 60% of the patients who were treated with high-energy ESWT.
Our clinical results agree with the results reported in other series [7, 18, 25, 26, 29] , but in our series no differences were found between results at 1 month and 6 month follow-up.
The effectiveness of high-energy ESWT to relieve the pain of patients with calcifiyng tendinitis has been shown by different authors [11, 14, 18] . Jakobeit et al. [14] in particular reported 85% satisfactory results.
Gerdesmeyer et al. [11] have recently showed that both high-energy and low-energy ESWT appeared to provide a beneficial effect in case of calcifying tendinitis of rotator cuff, but high-energy ESWT was superior to low-energy ESWT. These outcomes are similar to results reported in the open [31] and arthroscopy [1, 15, 21] surgery series.
A study carried-out by Rompe et al. [26] , evaluating ESWT versus conventional surgery, have shown little differences about clinical outcome. Patients treated with ESWT returned to work at a mean time of 15 days, 12 days in our series, as compared to 9 weeks reported in patients treated with surgery [26] .
Our results are similar to those of other series in which high-energy ESWT in more than one session was carried-out [7, 11, 14, 19] , and better compared to papers where the use of high-energy ESWT [26] or mediumenergy ESWT [30] in a single session was reported. In any case, the results are worse, compared to surgical treatment [26] .
It is very interesting to note the curve of pain (Fig.1 ) after treatment with ESWT; immediately after each session of treatment and 4-5 hours following, we have noted a reduction of pain, whereas during following 24-48 hours the pain increased at a level, in any case, inferior with respect to the initial one.
The intensity of pain was always lower in the following sessions. This effect seems to be related to inhibition of pain receptors or denervation [13] .
Some studies have found that shock wave seems to distort axonal contents, increasing the permeability and leading to depolarization; so the nociceptors loose their ability for generation of potentials necessary to elicit the pain signal response [23] . The pain relief, moreover, seems to be a function of the total applied energy [23] .
These findings support our protocol of treatment, four sessions of medium-energy ESWT, and can explain why some patients, with calcium deposit persistence, referred amelioration of symptoms. Nevertheless, the response is very individual.
A last point concerns the side-effects of ESWT. In our series, we don't use local anaesthesia or intravenous analgesia during treatment, and the patients were able to tolerate the pain. In the series in which the high-energy was used (gerdesm), the treatment was carried-out under intravenous analgesia. Moreover, the potential for haemorrage and local tissue damage is well recognized with the use of ESWT. In our series, only one patient (5%) complained of a local reddening during therapy. This percentage is lower than that reported in treatment using high-energy ESWT [11] , and confirm the findings of Delius [8] , who found that soft tissue damage and side effects are more likely with high-dose ESWT.
So far, to our knowledge, this protocol of treatment has not been analysed previously in a clinical setting.
The main quality of our study was the way of recruitment of patients evaluated clinically by only one author, as also the radiographic and sonographic examinations, to be sure that the patients presented a chronic phase of disease. Maier et al. [20] performing a pre-treatment MRI study, found the best outcomes after ESWT, in patients with chronic tendinitis.
Anyway the follow-up, in our study, can be considered a good one, but it was chosen to differentiate between the effects of treatment and the natural history of the disease.
The authors think that the medium-energy ESWT is effective for patients suffering from calcifying tendinitis of the shoulder and overall pain modulation, thus allowing daily activity.
In future, prospective multicentric studies should be necessary to define a standard protocol of treatement.
